HLA DRB1, DQAl and DQBl alleles were determined by DNA PCR-SSO typing in a sample of 99 individuals originating from Wielkopolska (midwestern Poland). A high number of alleles (38 DRBl, 8 DQAl and 14 DQBl) was detected at each locus, many of them presenting notable frequencies in this population. The three HLA loci are thus characterized by very high heterozygosity levels (93% for DRB1, 85% for DQAI, and 88% for DQBl), which confirms the results found for other European populations. A total of 6 DRBI-DQAl -DQB1 haplotypes are detected with an estimated frequency higher than 5%, namely, DRB1*1501-DQA1*0102-
DRB 1 * 1 101-DQA 1 *050 I -DQB 1 *030 I , DRBl*03011-DQA l*050f -DQBl*O20 I , and DRB 1 * 130 1-DQAl*0103-DQB1*0603. A genetic distance analysis between the Polish and other world populations tested for HLA class I1 indicates that the Wielkopolska community is close to geographically close, rather than linguistically related populations from Europe. More generally, a good agreement between genetics and geography is found for DRBl and DQBl polymorphisms in Europe, suggesting that these two loci are highly informative for assessing historical relationships among humans.
Until now, the study of HLA genetic diversity in the European Polish population was limited to the serological typing of class I loci (XJth International Histocompatibility Workshop and Conference (IHWC), Yokohama 199 1). Previous genetic distance analyses of HLA-A and -B polymorphisms suggest that European populations differentiate into a northern and a southern group (1). According to these data, the Polish appear to be genetically close to their geographic neighbors the Slovaks and Ukrainians, who also speak an IndoEuropean Slavic language (2) .
A more limited number of populations were tested for HLA class I1 loci during the XIth IHWC, and Poland was not represented. We thus selected a random sample of Polish individuals to analyze the SSP polymorphism of DRB I, DQA I and DQBl loci. We present here the allele and haplotype frequencies estimated for this popula-H LA ty p i ng MLA DRBI and DQBl alleles were determined by INNO-LIPA HLA typing tests (Innogenetics N.V., Zwijnaarde, Belgium) based on the reverse hybridization principle. Amplified biotinylated DNA mattria1 was hybridized with specific oligonucleotide probes immobilized as parallel lines on membranebased strips. After hybridization, streptavidin labeled with alkaline phosphatase was added and bound to any biotinylated hybrid previously formed. Incubation with BCIPNBT chromogen resulted in a purple/brown precipitate.
For HLA-DQAl typing, we used the DNA PCR-SSO method. The SSO probes were 3' end labeled enzymatically by DNA deoxynucleotidyl transferase (Tdt, Boehringer Mannheim GmbH, Germany) with one digoxigenin molecule, Digoxig- where xi and yi are the frequencies of the ith allele in populations x and y, respectively, and k is the size of the frequency vector (4), were computed as for previous HLA data analyses (5) (6) (7) (8) . A set of 16 population samples from all parts of Europe was considered (see legend for Fig. 1 The mean genetic distance matrix computed over loci DRBl, DQA1. and DQBi was used for a principal coordinate analysis, using the local program ANCOO (Roessli et al., personal comrnunicat ion).
Results

Allele frequencies
HLA-DRB 1, DQA 1 and DQB 1 allele frequencies estimated in the Polish population are presented in Table 1 . As a high number of alleles (38 DRBl, 8 DQAl and 14 DQB1) is found for each locus, and no allele exhibits a very high frequency, the observed ( for DRBI, and only 3 4 % for the other two loci, indicating a high resolution power of SSO methods. Some relevant allelic comparisons between the Polish and other Europeans may be done for the DREH and DQBl polymorphisms. DRB1*1501 and DRB1*0101, which are among the most frequent alleles observed in the Polish (16.Bk and 9.6% rcspcctively), also exhibit high frequencies in Danes (17.4% and 12.7) and Czech (10.7% and 10.7'%). A striking result is that these two alLeles are likely frequent in Spanish Basques (16.9% and I2.3'1/;1), whiie in Sardinian and Spanish Gypsies, they show very low frequencies. A comparable frequency pattern is found for DQB1*0602. Danes and Czech are also close to the Polish for DRB 1 * 130 1 (7.lD/o, 8.2% and 6.8% respectively), also frequent in Bulgarians (9%). The frequency of DRB1*0303 (7.6%) observed in the Polish is similar to the one found in other Europeans, except Basques and Sardinians where it is much higher. DRB1*07 (12.1% in Polish) is also generally common in Europe, although relevant differences are found in Spanish, Spanish Basques and Czech (higher frequencies), on one hand, and Sardinians, Bulgarians, and Spanish Gypsies (lower frequencies), on the other hand.
Haplotype frequencies
The most frequent DQB1-DQAl-DRBl haplotypes found in the Polish population are shown in Table 2 . All these haplotypes are usually common in other Europeans.
DQBl*0602-DQA1*0102-DRBl* 1501 (1 3%) also shows a high frequency in Danes (17%), while the frequency is generally lower than 8% in other Europeans.
shows very close frequencies in other Europeans, except Sardinian (less than 5'3'0). DQB 1 *0101-DQAl*0101-DRB 1'0501 (9740) exhibits a similar frequency in French. The higher frequency, among Europeans, is found in Danes (12%), while it is less than 7% in other populations.
presents heterogeneous frequencies in Europe, although generally comprised between 8 and 12%. DQB1*0201-DQA1*0501-DRB1*0301 (7%) is common in Europe, but is especially frequent in S a rd i n ia n (24%).
DQB 1 *0603-DQAl*O 103-DRB 1 * 130 1 (6%) is commonly observed with a low frequency in Europeans.
DQB l"020 1 -DQA 1 *02O 1 -DRB 1 *070 1 (10%) DQB 1 *03O 1 -DQA 1 *050 1 -1DRB 1 * 1 101 (7%)
Genetic distances
The mean genetic distances computed over loci DRB1, DQAl and DQBl indicate that the Polish Only haplotypes whose frequency is higher than 5% are listed.
HLA class 11 DNA typing in Poznan, Poland population from Wielkopolska is close to the French and the Danes, followed by the Czech, the Busques, the German and the Spanish.
The results of the principal coordinate analysis is presented in Figure 1 . The first 3 principal axes represent 69% of the total variance. The first axis ( WYO) mainly differentiates the northern and western European populations (Polish, Danes, German, French, Czech, Spanish and Basques) from the south-eastern European populations (Italian, Rumanian, Croatian, Bulgarian and Sardinian) and the Gypsies. According to the second axis (1 80/0), a main differentiation is observed for Sardinians, on one hand, and Gypsies, on the other hand. The peculiar segregation of the Gypsies supports the hypothesis of their eastern (probably Indian) origin. The second axis also segregates Polish and Danes from the other western and northern populations. The third axis (12%) separates Basques and Spanish, on one hand, and Germans, 00 the other hand, the latter being related to the French and Polish.
The results obtained for each locus taken separately (personal analyses not shown) are in close a8reement with this overall analysis.
'
Di$cussion
The present results show that the Polish populaticm from Wielkopoiska is genetically related to geog rap h ical 1 y n e i g h bo r i n g PO p 11 1 at i o n s ( n or t he r n aqd central Europeans), rather than to other Balto-Slavic speakers (Czech, Bulgarian, Croatian). Thus, the close relationship found between Polish, S l~v a k , and Ukrainian, for HLA class I (I), is pmbably not (only) due to their linguistic affinities, but (also) to their geographic proximity. More generally, the HLA class I1 multivariate aqdysis reveals that European populations are merely distributed according to geography, rather than to linguistics. The highest variance component (39%) of our principal coordinate analysis (Figure 1 ) seems to be related to a southeastern/ northwestern European differentiation, as it has been observed for many other genetic systems, and explained by the demic diffusion of Neolithic farmers, some 10,000 years ago (9) . On the other hand, the populations belonging to a same linguistic: family (either Italic family including French, Spanish, Italian, Sardinian, and Rumanian or Germimic family including German and Danish or S 1 iiv ic f a n il y i ncl Lid i ng Po 1 is h, B i i I ga ria n , Czech , Croatian) appear to be genetically heterogeneous. Tliese distinct linguistic families (all belonging to the Indo-European phylum, except the Basque) owrlitp. The BXL~LKS are a linguistic isolate possibly related to North Caucasians (9) , showing :i number of genetic differences from other European populations. According to our results, however, they are not as distant, genetically, as the geographically isolated Sardinians are from other Europeans. Thus, geographic rather than linguistic boundaries are detectable by HLA class I1 data analysis in Europe.
This preliminary study of HLA class I1 DNA data in Europe includes a set of populations which are not tested for completely equivalent alIelic series. For example, 14 alleles found in the Polish have been included in the category "DRB 1 -other" for genetic distance analysis. Although this constraint probably does not introduce an important bias, due to the fact that all these alleles are very rare (the highest frequency is 4%, for DRBl*OZ04), the new data collected within the scope of the XlIth IHWC (Saint Malo and Paris 1996) will permit to update the present analysis, based on equivalent data sets. An important challenge will be to compare numerous European populations, geographicalIy widely distributed, and linguistically diverse, to test the relative contribution of geography and language in the human migration history of Europe.
